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AMENDMENT NO. 1 APRIL 1983 

TO 
IS 4332 ( PART 7 ) - 1973 METHODS OF TEST FOR 

STABILIZED SOILS 

PART VII DETERMINATION OF CEMENT CONTEST OF CEMENT 

STABILIZED SOILS 

Alterations 

( Page 4, clause. 2.10, line 2 ) - Substitute "IS : 460 ( Part I ) - 1978t' 
/orMS:460 1962t'. 

{ Page 4, clause 3.0, line 2 ) - Substitute "IS : 1070 - 1977 J' for "IS : 
1070-1960$'. 

( Page 4, fool-notes with "f and ' J" marks )- Substitute the following 
for the existing: 

"t Specification for test sieves ; Part I wire cloth test sieves {second revision ). 
^Specification for water for general laboratory use ( second revision ).* 
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METHODS OF TEST FOR STABILIZED SOILS 

PART VII DETERMINATION OF CEMENT CONTENT OF 
CEMENT STABILIZED SOILS 



0. FOREWORD 

0.1 This Indian Standard ( Part VII ) was adopted by the Indian Standards 
Institution on 16 February 1973, after the draft finalized by the Soil 
Engineering Sectional Committee had been approved by the Civil 
Engineering Division Council. 

0*2 Soil stabilization is the chemical or mechanical treatment designed 
to increase or maintain the stability of mass of soil or otherwise to 
improve its engineering properties. There are several methods of stabi- 
lization and these may be broadly classified on the basis of treatment 
given to the soil (for example, dcwatering and compaction), process 
involved ( for example, thermal and electrical), and additives employed 
( for example, asphalt and cement). The choice of a particular method 
depends on the characteristics of the problem on hand and on the nature 
of soil type encountered. For studying in the laboratory, the methods and 
effects of stabilization, certain standard methods of test for the evaluation 
of properties of stabihzed soils and their analysis arc required. The 
required standards on methods of test for stabilized soils are being pub- 
lished in parts and this part lays down the method of test for determining 
cement content of cement stabilized soils, 

0.3 In the formulation of this standard due wcightagc has been given to 
international co-ordination among the standards and practices prevailing 
in different countries in additt^ to relating it to the practices in the field 
in this country. This has been met by basing the standard on the following 
publications; 

•> 
ASTM :D806-1965 Method of test for cement content of soil-cement 
mixtures. American Society for Testing and Materials. 

Dewan (RL }. The rapid estimation of cement content in mortar 
and concrete. Indian Concrete Journal. April 1959. 
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0.4 In reporting the result of a test or analysis made in accordance with 
this standard, il tl\c final value, observed or calculated, is to be rounded 
ofT, it shall be done In accordance with IS : 2-1960*. 



1. SCOPE 

1.1 This standard ( Part VII ) lays down the method of test for determin- 
ing cement content of cement stabilized soils. 

2. APPARATUS 

2.1 Analytical Balance— sensitive to 0*001 g. 

2.2 Glass Beakers — three of 250-mI capacity and two of 600-ml 

capacity. 

2.3 Glass Funnel ~ 6 cm diameter. 

2.4 Burette— one, 50 ml. 

2.5 Pipette— 25 ml. 

2.6 Conical Flasks — two of 250-ml capacity. 

2.7 Filter Papers — Whatman No. 41 and 42 or equivalent. 

2.8 Heating Equipment 

2*9 Drying Oven 

2.10 Sieves — 40-mm, 20.mm, lO-mm, 4'75-nnm and 425-micron IS Sieves 
conforming to ihc requirements of IS: 460-1962t. 

3. REAGENTS 

3.0 Quality of Reagents — Unless specified otherwise^ pure chemicals 
and distilled water ( set IS : 1070-1960^) shall be used in tests. 

Note — ' Pure chemicals ' shall mean chemical* that do not contain impujitirs 
which affect the results of analyjis. 

3.1 Potassium Permanganate Solution — N/ 10; dissolve 3'2 to 3 25 g 
of potassium permanganate on a watch-glass and dissolve in one litre of 
distilled water. Heat the solution to boihng, and allow the solution to 

cool to room temperature. Filler the solution through a funnel con- 
taining a plug of purified g\3^s^ wool. The solution sliould be stored in a 
glass stoppered bottle and kept in dark and its exact normality ascertained 

with siandard oxalic acid solution, 

*liu!(!j for rounding off numerical valuei {rmsti). 
tSprrificaiion for test sieves {revised). 
jspcciticaiion fur water, disiillcd quality [uvisid)^ 
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3.2 Oxalic Acid --N/ 10; weigh 1575 g of BtCrJD^2}iiO and make up 
to 250 ml in a volumetric flask- 

3.3 Sulphuric Acid — 2 N; add 12'5 ml of pure sulphuric acid to 240 ml 
of water. 

3.4 Ammonium Nitrate — Dissolve 20 g of ammonium nitrate in one 
litre of water. 

3*5 Hydrochloric Acid — 2 N; sp gr M9 mixed with equal volume of 
distilled water. 

3.6 Ammonium Oxalate — saturated solution. 

3*7 Amtttonium Hydroxide — sp gr 0'89. MU ammonium hydroxide 
and distilled water in the ratio of 1 : 2 (one part of ammonia and two 
parts of distilled water), 

3.8 Calcium Chloride Solution— Dissolve one part by weight of salt 
in 100 parts by weight of distilled water. 

4. SAMPLES 

4.0 Samples given in 4.1 to 4.3 shall be selected for the test as given in 
IS: 4332 (Part 1 )-1967*, 

4.1 Raw Soil — representative of the soil phase of the soil-cement 

mixture. 

Note — The results of ibis test *rc very jrnsitivc to ihc variation of calcium 
conirnt in simI. Hrncr, due attention should be paid to sampling to obtain rcpicscnla- 
tivc samples and the number of lanjplcs to be tested. 

4.2 Cement— representative of the cement phase of the soil-cement 
mixture. 

4.3 SoilXemcnt — representative sample of the mixture to be analyzed. 

5, PROCEDURE 

5.1 Dry 25 g of each sample In the drying oven at 1 10 ± S'^C to a constant 
weight. Pulverize the samples to pass through a 425-micron IS Sieve. 

5.2 Weigh out separately on analytical balance raw soil, 5 g; soil-cement 
mixture, 5 g; and cement, 1 g, Transfer each of the weighed samples to 
separate 2f)0-ml beakers. Add 50 ml of hydrochloric acid (2N), to each 
sample. Cover it and boil gently on a hot-platc for 5 min. 



*Mcthodi of test for stabilized soils: Part I Sampling and preparation of stabilized 
soils for testing. 
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5.3 To each of the beakers add 25 ml of hot distilled water and filter the 
contents through Whatman No, 42 filter paper and receive each filtrate in 
a 250-ml volumetric flask separately. The material on the filter should be 
washed with small amounts of hot water repeatedly till free from chloride 
ions (about 4 times ) ( check with silver nitrate solution), 

5.3.1 Take a small quantity of filtrate (say I cc) obtained from the 
soil-cement mixture treated by hydrochloric acid and add 3 cc of ammo- 
nium molybdatc reagent and a few drops of concentrated nitric acid and 
warm to 40°C» A yellow precipitate indicates the presence of phosphate 
ions. 

5.4 After completion of washing, discard the filter paper and dilute the 
filtrate in the volumetric flask to 250 ml with cold water. Shake the 
contents well and remove a 50-ml aliquot and transfer to the original 
250-mJ beaker (/^/ 5.2}^ using 250-ml pipette, Dilute to 100 ml Add 
a few millilitres of bromine water or a few drops of concentrated nitric 
acid. Boil, cool and make the solution slightly ammoniacal with 
ammonium hydroxide* Boil for two minutes and allow the hydroxide to 
settle, 

5#4.1 In case of soil-cement mixture containing phosphate, dissolve 
the precipitates of hydroxides in the minimum quantity of dilute hydro- 
chloric acid. To ihc main solution, add dilute ammonia solution drop by 
drop with stirring, until either a faint permanent precipitate is just 
obtained or the solution is just alkaline. Then add 2 to 3 ml of dilute 
acetic acid (1:1) and 10 ml of 3 N ammonium acetate solution. Discard 
any precipitate, which may form at this stage* If the solution is red, 
sufficient ferric ion is present in the solution combined with all the 
phosphate ions. If the solution is not red in colour, add neutral ferric 
chloride (FeCla) solution, drop by drop and with stirring until ihc 
solution acquires a deep brownish red colour* Dilute the solution to 
150 ml with hot water, boil gently, filter hot and wash the residue with a 
little boiling water. The residue will contain the phosphates of Fc, Al 
and Cr and may be discarded. Boil down the filter to 20 to 25 cc and 
proceed as given in 5.6. 

5.5 Filter hydroxides except soil-cement mixture containing phosphates 
for which the process of separation has been given in 5.4.1 through 
Whatman No. 41 filter paper, receiving filtrate in a 600-mI beaker. Wash 
the original 250-ml beaker into the filter once with a stream of ammonium 
nitrate and then with hot ammonium nitrate twice. Set aside the filtrate 
and place original beaker under funnel Perforate the paper with a rod 
and wash the hydroxides into the original beaker with hot ammonium 
nitrate to remove most of the precipitate from the filter paper. Treat the 
paper with 2 ml of hot hydrochloric acid ( 1 :3J. Wash the paper 
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Several limes with hot water > and thrn discard the paper. Dilute the 
solution to 75 ml. 

5-6 Make the solution slightly arnmouidcal with constant stirring and boil 
(or 1 to 2 minutci. Allow tlie precipitate to sctilc and fihcr through What- 
man No, 41 filter papci. Receive the filtrate in 600-ml beaker ( set 5,5 ). 
Wash the precipitate with ammonium nitrate three to four times. Discard 
the hydroxide precipitate. Add 2 to 3 drops of methyl red indicator and 
ammonium hydroxide ( sp p;r 0*89 ) to the filtrate till the colour 
changes f[om faint pink lo yellow (/»H ==; 5, optimum loi calcium oxalate 
precipitation ). Heat the solution to boiling and add 13 ml oi hot saturated 
ammonium oxalate solution. Keep the mixture near boiling until the 
precipitate becomes 'granular', then set aside on a warm hot-plate for 
30 min or more. Check the completeness of precipitation. Fillei off 
calcium oxalate precipitate through Whatman No. 42. Clean the beaker 
with rubber pohceman and transfer the contents to the filter with a stream 
of hot water. Wash the filler 8 to 10 times with hot water or preferably 
four times each with ammonium hydroxide f2-9B) to make sure that 
soluble oxalates aic completely removed. This can be checked with 
calcium chloride solution 

NoTK — CaLium content m the soil, cement and soil-ccmcnt mixture may also be 
dcicrmincd by rapid method given bcJow 

Filter the acid solution ( j« 5.4 )^ wasti and naakc up to 100 ml of which 50 ml 
arc just neutralized with liquid ammonia. Dissolve the precipitates of 
aluminium oxide and feme oxide thus formed by just the quantity of glacial 
aceljc acid required for dissoivmg the precipitates. Then add in excess 
saturated solution of ammonium oxalate to the solution to form a copious 
prciipitatc of calcium oxalate. Filter off calcium oxaUtc precipitate, wash 
with hot water i\\\ Utt from oxalates Dissolve the oxalates m ( 1 4 ) sulphuiic 
acid and titrate with standard potassium permanganate solution to determine 
ihc percentage of calcium. 

5.7 Open the frlrcr paper carefully and wash the prccipiiatc into the 
beaker in which the precipitation was afTccled. Dilute to 200 ml and add 
10 n I of sulphuric acid (1:1)- 

5-8 Heat the aliquot portion (5.7) to 65^G on a water-bath maintained 
at 60 to 65°C and titrate it with standard potassium permanganate 
solution to a persistent pink colour for 10 seconds. Take two more 
readings. Five times the average value is the reading P as ixx 6.1. 

5-9 Blank — Make a blank determination, following the same procedure 
using same amount of reagents. 

6. CALCULATIONS 

6.0 Cement Content of the Soil — Cement mixture should be calculated 
as given in 6*1 and 6,2. 
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6.1 Calculate the percentages of calcium oxide in the soil, the cement, 
and the soil-cement mixture as follows: 

V * r 1 ■ -J (P -d) R X 0-028 
Percentage of calcium oxide =■ -^ ^=~ x 100 

where 

P = ml of potassium permanganate solution required for 
titration of the sample; 

Q, ~ ml of potassium permanganate solution required for 
titration of the blank; 

R = normality of the potassium permanganate solution = 0!; 

S = weight of sample represented by the aliquot titrated, 
in g; and 

0'028 = calcium oxide equivalent of 1 ml of 1 N potassium 
permanganate. 

6.2 Calculate the percentage by weight of cement in the soiUccmcnt 
mixture as follows: 

{ X — T ) 
Percentage cement « ~ - ^ x 100 

where 

X = percentage of calcium oxide in soil-cement mixture, 
^ — percentage of calcium oxide in raw soil, and 
Z — percentage of calcium oxide in cement. 

NoTB — Whrn hydratcd soil-ccmrnt mixtures ( that isj mixture* prcpaiccJ and U\d 
somctimr carlirr ) arc analyzed, the value of percentage by wright of crtncnt obtained 
is in terms of hydralr d ccmnnt. Such values need to be convrrtrd to an approximaie 
equivalent of dry cement, through a factor which is of the order of 104. 
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